Abstract-With regard to the problem of ranking alternatives in green manufacturing process evaluation based on ordinal preference information with uncertain weight vector of attributes, a robust optimization analysis method is proposed. Firstly, the basic concepts and characters of ordinal interval preference information are introduced. Secondly, according to the probability matrix of ordinal preferences, a robust optimization model based on uncertain scenario with minimax regret criterion is suggested. Then, a group preference gathered from individual preference is obtained by solving the model to acquire an overall robust solution. Finally, a numerical example is given to illustrate the feasibility of the method.
I. INTRODUCTION
For achieving the goal of green manufacturing, the decision making process of selecting the best green manufacturing alternatives is necessary. In the actual operation environment, due to the lack of empirical data, there are much preference information judged by experts may in the form of uncertain parameters. At present, researchers have considered various types of uncertain information, such as preference order, linguistic variables, fuzzy variables, interval numbers, etc. [1] [2] [3] . Ordinal interval preference, which represents all possible ordinals of an alternative among the feasible solutions, has considerable advantages to deal with the imprecise, difficult and unstructured decision-making problems [1] .
González-Pachón, Rodríguez-Galliano and Romero [4] propose the concepts of ordinal interval information and elaborated its forms and properties. Then, an integer goal programming model is constructed to depict it. For addressing the deficiencies of the integer goal programming, González-Pachón [5] et al design an approach with a decomposition and aggregation phase to obtain the ranking result of alternatives. Wang et al [6] . suggest a preference aggregation approach to ranking alternatives by combining preference rankings of alternatives provided by experts. However, there are still some disadvantages exist: on the one hand, the uncertain risks of preference information have not been well considered [7] , on the other hand, the uncertainty of weight vectors have not been taken into account yet. For this situation, robust optimization which finds robust correspondence for the uncertain data is an effective tool to solve uncertainty decision. [8] [9] In this paper, we focus on the green manufacturing process evaluation with uncertain ordinal interval preference information; a robust optimization model is established by the mini-max regret criterion. In order to solve the model, pairwise comparison of feasible solutions is used to transform the robust optimization model into a linear programming model. 
II. NOTATIONS AND DEFINITIONS Notations
r r r r r r r According to the definition 2, the probability matrix of the attributes could be constructed as re X s .
The purpose of this paper is to find a feasible solution X which minimizes the maximum regret value, so the relative robust optimization model for the group decisionmaking problem under the ordinal interval preference information (F1) can be formulated as follows:
. .
The object function of F1 is nonlinear. For convenience, it can be converted to an equivalent linear form (F2): min z (9) . . s t
Note that the variable z is continuous.
As the weight of attributes can take any value within the range, so | |→ +∞ S .It is visible that solving this programming is an NP-hard problem. In this paper, we apply the pairwise comparison method proposed by Wang [10] 
. . In sum, the steps to solve the linear robust optimization model F2 are presented as follows:
Step 1: Constructing all solutions by arranging and combing the m alternatives .Generate the feasible solution set Ω according to definition 4.
Step 2 The probability matrix Based on probability matrix, the feasible solution set is revealed in Table II . Table III   TABLE III In this paper, we study the problems of ranking alternatives in green manufacturing process evaluation based on the ordinal preference information with uncertain weight vector of experts, and a robust optimization model is conducted. Firstly, the concepts and properties of ordinal interval preference information are reviewed. Then, the probability matrix of the uncertain preference information is constructed to build the relative robust optimization model (F2). When solving the model, pairwise comparison between feasible solutions is used to convert the NP-hard model to a tractable one. Finally, the complete sequence of alternatives is obtained by solving the transformed model.
